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Abstract 
Excessive amount of nutrient from wastewater has led to environmental problems of the receiving 
watercourse. Once a natural water system is eutrophicated due to excessive amounts of nutrient could 
cause algal blooms and nuisance its primary functions. Nowadays, the eutrophication is a major concern 
in many countries due to a detrimental effect on water bodies. Therefore, the stringent law is established 
to limit the release of amounts of nutrient from domestic wastewater treatment plants into surface water. 
This section reviews the occurrences and consequences of excessive amount of nutrient from domestic 
wastewater to living organisms as well as the removal of ammonium (NH4
+) and phosphorus (P) by using 
an adsorption process. Moreover, the comparison of effluent standards between Malaysia with developed 
countries has been discussed. The potential of adsorbents such as activated carbon, zeolite and laterite 
for adsorption of ammonium (NH4
+) and phosphorus (P) from the waters are reviewed in this chapter. 
Keywords—adsorption; activated carbon; laterite; nutrient; zeolite 
 
1. Introduction  
Nutrient such as nitrogen and phosphorus compounds are essential elements to all forms of life. However, 
increasing concentrations of nitrogen and phosphorus discharging into natural water systems strongly contributes 
to eutrophication. Naturally, eutrophication is the aging process for water bodies. This process takes thousands of 
years under normal circumstances, but excessive amounts of nutrients released into the water accelerates this 
phenomenon to a few years [1]. The primary indication of eutrophication is excessive growth of aquatic autotrophs, 
including suspended algae (phytoplankton), attached algae (periphyton), and aquatic vascular plant (macrophytes). 
Secondary indication include deep water anoxia in lakes, increased harmful algal blooms, impairment of water 
treatment (taste and odour, filtration problems), and changes in the composition of aquatic communities [2].  
The principal forms of nutrients from waters are nitrogen and phosphorus. The typical concentration of nitrogen 
(total as N) and phosphorus (total as P) that enters into wastewater treatment plants approximately 50 and 12.5 mg 
L
-1
, respectively [3]. The revised conditions of effluent in Malaysia has set a limit level of 5 mg L
-1
 ammoniacal 
nitrogen in an enclosed water of body and 10 mg L
-1
 of ammoniacal nitrogen released to rivers. The permissible 
limit of concentration of total phosphorus for Standard A and B of Malaysia effluent must be less than 5 mg L
-1
 and 
10 mg L
-1
, respectively [4]. In addition, the revised effluent standards only comply for the wastewater treatment 
plants that were built after 2009. Thus, a total of 5,747 public wastewater treatment plants that were built before 
2009 in Malaysia have released ammonium and phosphorus of higher than the maximum allowable limit for the 
effluent standards [5]. The Malaysian effluent standard has been permitted to release higher concentration of total 
phosphorus into waters in comparison to the European Union (EU) and United State Environmental Protection 
Agency (USEPA) effluent standards. According the to the EU, the total nitrogen limits are 15 mg L
-1
 for 10,000-
100,000 population equivalents (PE)  and 10 mg L
-1
 for more than 100,000 PE. Meanwhile, the limits of phosphorus 
is 2 mg L
-1
 for 10,000-100,000 PE and 1 mg L
-1
 for more than 100,000 PE [6]. In addition, effluent limit of total 
nitrogen and total phosphorus according to USEPA Clean Water Act is 10 mg L
-1 
and 1 mg L
-1
, respectively [7].  
Nowadays, various techniques of treatment has been used to remove nutrients from wastewater such as biological 
nitrogen removal, biological phosphorus removal, breakpoint chlorination, ion exchange, air stripping, chemical 
precipitation and adsorption. However, the biological process to treat wastewater requires high investment and 
annual operating costs [8]. The disadvantages for using the chemical method i.e chemical precipitation and 
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breakpoint chlorination are the high chemical costs, additional chemicals will be created, and increasing sludge 
volume [9], [10]. Among all water treatment techniques, the adsorption process is one of the purification 
technologies and could be utilized to remove nitrogen and phosphorus from the water. This method requires simple 
operation and design, and draws up a small amount of sludge. Many researchers have shown that adsorption 
process is helpful to remove nitrogen and phosphorus [11]–[13]. Believing that the present of algae in waters with 
its chemical formula of (CH2O)106(NH3) 16H3PO3 resulted in eutrophication consists of nitrogen and phosphorous 
matters [14], [15], eutrophication can be controlled effectively by removing either ammonium (NH4
+
) or phosphate 
(PO4
3-
). To address watercourse protection from eutrophication problem, the removal of excessive amount of NH4
+
 
and PO4
3-
 from wastewater by using adsorption techniques can be applied in water resources management. 
2. Ease of occurrences and sources of nutrient 
Nitrogenous and phosphorous matters are an essential nutrient for plants and animals. Nitrogenous matters in the 
environment are organic nitrogen, NH4
+
, ammonia (NH3), nitrite (NO2
-
), nitrate (NO3
-
), nitrogen dioxide (NO2), 
nitrous oxide (N2O), nitric oxide (NO) and nitrogen gas (N2). Organic nitrogen, NH4
+
, NO2
-
, and NO3
-
 forms of 
nitrogenous matters are commonly present in water. These matters are usually associated with fertiliser and waste 
products. In general, nitrogen moves into groundwater with organic matter and leached from soils. The 
phosphorous compounds are present in water in form of orthophosphate or polyphosphate. The sources of 
phosphorous from wastewater are derived from: 1) synthetic detergent and cleaning product, 2) faecal and waste 
material, and 3) phosphorous compound carrying of water [16], [17]. Phosphorous can be transported to surface 
water by adhering to inorganic sediment and moving to downstream. Once a water body is eutrophicated due to 
excessive amounts of nutrients, it will lose its primary functions and subsequently influence sustainable 
development of economy and society [18].   
2.1 Chemistry of Nitrogen and Phosphorus 
 
78% of the Earth’s atmosphere gaseous comprises of nitrogen gas and others nitrogen compound as presented in 
nine various forms in the environment as shown in Table 1.  
Table 1: Chemical formula and the oxidation state of nitrogen compound [19], [20] 
Nitrogen Compound Formula Oxidation state 
Organic nitrogen Organic-N 
 
Ammonia NH3 −3 
Ammonium ion NH4
+
 −3 
Nitrogen gas N2 0 
Nitrogen dioxide NO2 +4 
Nitrous oxide N2O +1 
Nitric oxide NO +2 
Nitrite ion NO2
-
 +3 
Nitrate ion NO3
-
 +5 
 
Nitrogen cycle occurs on earth as illustrated in Fig. 1 The conversion of one form of nitrogen to other chemical 
forms could be carried out through physical, chemical and biological processes i.e. assimilation, combustion, 
decomposition, denitrification, electrical storms, fertilizer production, nitrification, oxidation, ozonation, and 
photolysis. 
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Figure 1: The nitrogen cycle [20] 
In aqueous solution, three inorganic nitrogen compound forms will be combined with water to form inorganic nitrogen 
as the equations show; 
NH3+ H2O            NH4
+
 + OH
 +
 (1) 
N2O3+ H2O            2H
+
 + 2NO2
-
 (2) 
N2O5 + H2O            2H
+
 + 2NO3
-
 (3) 
The polarity of NH3, N2O3 and N2O5 molecules has ability to form hydrogen bonds indicate the high solubility of these 
molecules in water. The respective water-soluble species formed, NH4
+
, NO2
-
, and NO3
-
, are of important water quality 
parameters and their concentration in water have been strengthened control of nitrogen pollution. The NH4
+
 
distribution in water at different level of pH is depicted in Fig. 2. Nitrogen in raw wastewater contains about 60% of 
ammonium form and 40% in the organic N form [21]. 
 
Figure 2:  Nitrogen distribution curves [22] 
Phosphorus is naturally found in rock and soils. Phosphorous is essential for compound associated with the energy 
currency of our life (Adenosine triphosphate), cell membrane (Phospholipids bilayer) and nucleic acids 
(Deoxyribonucleic acid) [23]. The phosphorus in natural and synthetic cycle as presented in Fig.3. It is clearly shown 
that lithosphere and the hydrosphere serves as the main sources of Phosphorous distribution through weathering of 
apatite-containing rock, rainwater and weathering and leaching processes [23]. 
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Figure 3: The phosphorus cycle [23] 
In surface water, phosphorous exists in the form of inorganic and organic phosphorous. Principal forms of 
phosphorous consist of (i) inorganic phosphate (orthophosphate) such as PO4
3−
, HPO4
2−
, and H2PO
4−
 depending on 
pH; (ii) particles of organic phosphorous; and (iii) condensed phosphates (polyphosphates) such as P3O10
5-
.  The form 
of orthophosphate could be dependent on the pH of the water because of the release of every H
+
 ion will increase the 
pH of water step by step. Orthophosphate speciation diagram is depicted in Fig. 4 while protonation reaction occurs 
according to the following equations;  
H3PO4 ↔ H
+
 + H2PO4
−
 (4) 
H2PO4
−
 ↔ H
+
 + HPO4
2−
 (5) 
HPO4
2−
 ↔ H
+
 + PO4
3−
 (6) 
 
 
Figure 4: Diagram of orthophosphate in accordance with pH [24] 
2.2 Effect of Excessive Amount of Nutrient to Living Organisms 
 
Small amounts of nitrogen and phosphorous are commonly naturally present in all aquatic ecosystems. This 
natural phenomenon is adequate to maintain a balanced biological growth, through the production of aquatic life 
and its destruction by bacterial decomposition are balanced. However, an increase in nitrogen and phosphorus 
released into the water bodies would cause the eutrophication. Eutrophication is an excess nutrient load of any 
waters, which is reflected by rapid growth of blue green algae.  
The algae bloom in water reservoirs, lakes, rivers, and estuaries causing eutrophication due to excessive of 
ammonium [25]. Meanwhile, the eutrophication phenomena in coastal areas, inland seas and bays caused by 
increasing the amount of phosphorus in waters [26]. The concentration of PO4
3-
 between 0.01 and 0.1 mg L
-1
 
suffices to accelerate eutrophication in waters. The wastewater treatment plant effluent may contain 5 - 10 mg L
-1
 
of phosphorous, and a river irrigation agriculture area may carry 1 - 4 mg L
-1
 of phosphorous, and urban areas or 
residential areas runoff may carry up to 1 mg L
-1
 of phosphorous, which come from detergents, fertilizers and 
wastes from animals [28]. The rapid growth of algae and its death will produced a greenish mucous layer on the 
surface water. The layer blocks the penetration of sunlight into the water and reduces oxygen diffusion from the 
atmosphere (Fig. 5). The sunlight resistance on the water surface can reduce the availability of sunlight necessary 
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for submerged aquatic plants. A number estuaries in the United States have experienced the loss of high-quality 
submerged aquatic plants because of the reduced light availability due to eutrophication [27]. The elevation of N in 
waters subsequently decreases food and habitat availability [27]. The excessive algae growth produced a negative 
impact on the water bodies functioning for recreational activities such as fishing, waterfront sightseeing, boating 
and swimming. In addition, the presence of algae in surface water will definitely block the screen for water intake 
of water treatment plant. Death and decomposition of the algae may result in an unpleasant odor and an increase 
in turbidity of water [20]. 
 
Figure 5: Eutrophication process 
The nitrogenous matter in form of NH3 will cause the toxicity to aquatic organism under certain water conditions. The 
toxicity of N in waters could be mainly due to unionized form of NH3 depending on temperature and pH; the fraction of 
NH3 in water should be opposed to NH4
+
. The bottom waters of eutrophic water bodies that contain low DO level can 
increase the toxicity of NH3. Under anaerobic conditions of natural water, anaerobic microbes convert NO2
-
 (or NO3
-
) 
to NH3. Potable water that contains high NO2
- 
and NO3
- 
levels to be used for drinking water can affect human health. 
The NO2
-
  itself is not a direct toxicant but its conversion to NO3
- 
 can be hazardous to infants when it reacts with 
hemoglobin to cause methaemoglobinaemia (blue baby syndrome) [29]. The level of nitrosamines in drinking water is 
directly proportional to NO2
-
 concentration. The reaction nitrosamines with an organic compound in human body can 
cause to possible carcinogenic effects [30].   
3. Effluent Discharge Standards for Nitrogen and Phosphorus 
Each country has been begin strict effluent standards for the control of the pollutants discharging from wastewater 
treatment plant such as European Council directive “Urban Wastewater Treatment Directive” (91/271/EEC), United 
States Environmental Protection Agency (USEPA) Clean Water Act (Table 2) and Environmental Quality (Sewage) 
Regulations 2009−P.U for Malaysia (Tables 3-5). The values in the standard are the maximum concentration of 
pollutant in the wastewater before final discharge to the river. This could maintain the river self-purification capability. 
 
Table 1: EU and US EPA effluent standards [31], [32] 
Parameters Unit EU US EPA 
pH  6 - 9 6 - 9 
BOD mg L
-1
 25 30 
COD mg L
-1
 125 n/a 
TN mg L
-1
 
15 for 10,000-100,000 PE 
10 for > 100,000 PE 
10 
TP mg L-1 
2 for 10,000-100,000 PE 
1 for > 100,000 PE 
1 
TSS mg L-1 35 30 
Remarks that EU means European Union, US EPA means United States Environmental Protection Agency 
and PE means population equivalent. 
The new and existing wastewater treatment systems are required to comply with their specific effluent standard. 
As seen in Table 3, the Department of Environment (DOE) has set up the ammoniacal nitrogen (NH3-N) from 
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effluent discharge of aerated lagoons, oxidation pond and mechanical system were built before January 1999, all 
of which must not exceed 80, 70 and 60 mg L
-1
, respectively. Meanwhile, the effluent standard of NH3-N effluent 
discharge must less than 50 mg L
-1
 for treatment system plants constructed after January 1999 (Table 4). 
However, the limit of TP discharging from wastewater treatment plants was only applicable for treatment plants 
constructed after 2009; the concentration of TP for standard A and B doesn’t exceed 5 and 10 mg L
-1
, respectively 
(Table 5). 
Table 2: Effluent standards for domestic wastewater treatment systems constructed before January 1999 [4] 
  Standard 
Parameter Unit A
1 
B
1
 A
2 
B
2 
A
3
 B
3
 A
4
 B
4
 A
5
 B
5
 
(a) BOD at 20
o
C mg L
-1
 200 200 175 175 100 100 120 120 60 60 
(b) COD mg L
-1
 - - - - 300 300 360 360 180 240 
(c) Suspended Solids mg L
-1
 180 180 150 150 120 120 150 150 100 120 
(d) 
Oil and 
 Grease 
mg L
-1
 - - - - - - - - 20 20 
(e) NH3-N mg L
-1
 - - 100 100 80 80 70 70 60 60 
Remarks of type of sewage treatment system: 1 is septic tank, 2 is imhoff tank, 3 is aerated lagoon, 4 is oxidation 
pond and 5 is mechanical system. 
Notes that: (1) Standard A is applicable to discharge the effluent into any inland waters within catchment areas as 
listed in the Third Schedule while Standard B is applicable if the effluent discharges into any other inland waters. (2) 
All the standard values are applicable to sewerage treatment systems that have been constructed before 1999.  
 
Table 3: Effluent standards for domestic wastewater treatment systems constructed before January 2009 [4] 
  Standard 
Parameter Unit A B 
(a) BOD at 20
o
C mg L
-1
 20 50 
(b) COD mg L
-1
 120 200 
(c) Suspended Solids mg L
-1
 50 100 
(d) Oil and Grease mg L
-1
 20 20 
(e) NH3-N mg L
-1
 50 50 
Notes that: (1) Standard A is applicable to discharge the effluent into any inland waters within catchment areas as 
listed in the Third Schedule while Standard B is applicable if the effluent discharges into any other inland waters. 
Table 4: Effluent standards for wastewater treatment systems constructed after January 2009 [4] 
Parameter Unit 
Standard 
A B 
(a) Temperature 
o
C 40 40 
(b) pH Value - 6-9 5.5-9 
(c) BOD5 at 20°C mg L
-1
 20 50 
(d) COD mg L
-1
 120 200 
(e) Suspended Solids mg L
-1
 50 100 
(f) Oil and Grease mg L
-1
 5 10 
(g) NH3-N (enclosed water body) mg L
-1
 5 5 
(h) NH3-N (river) mg L
-1
 10 20 
(i) NO3
-
 - Nitrogen (river) mg L
-1
 20 50 
(j) NO3
-
- Nitrogen (enclosed water body) mg L
-1
 10 10 
(k) TP (enclosed water body) mg L
-1
 5 10 
Notes that: (1) Standard A is applicable to discharge the effluent into any inland waters within catchment areas as 
listed in the Third Schedule while Standard B is applicable if the effluent discharges into any other inland waters. 
 
Comparing the effluent standard of Malaysia to that of EU and USEPA, the maximum level of pollutants such as TP 
and SS are very much higher than the developed countries effluent standards. It seems that Malaysian government 
policy no looks with deep concern on the concentrations of TP in effluent, which can leads to degradation of the 
environment. The concentration of phosphate between 0.01 and 0.1 mg L
-1
 suffices to accelerate eutrophication: 
therefore, the limit of TP is too high and could be not significant to prevent the eutrophication of the receiving water 
body. The government of Malaysia needs to revise its effluent standards such as for the parameters: TP and SS, 
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which would be more realistic to reduce pollution and to make a meaningful contribution to improving the quality of 
waters. 
 
4. Removal of Inorganic Nitrogen and Inorganic Phosphorus In Wastewater 
 
The removal of inorganic nitrogen pollution (INP) has been widely studied and implemented for the treatment of 
wastewater. High amount of INP present in wastewater treatment plant effluent can cause adverse effects on the 
environment when released into water body. Therefore, INP needs to be removed from wastewater during the 
treatment process. Commonly treatments used to remove INP from wastewaters are biological process, breakpoint 
chlorination, ions exchange and N transformation in air stripping of NH3 [33]. The advanced wastewater treatment 
plant to remove INP is commonly conducted in two successive steps (i.e., aerobic digestion for nitrification process 
and anaerobic digestion for denitrification). However, this type of biological treatment plant requires to a high 
investment and annual operational costs due to the perfect configuration of the reactors should be completed more 
complex construction facilities [34] . The present wastewater treatment plants such as continuous aerobic-
anaerobic reactors to remove INP are basically used to treat the low loads of wastewater [6]. The disadvantage of 
the use of complete-mix wastewater treatment plant such as anoxic-aerobic reactor is necessary to control and 
maintain the reactor functioning regularly [35], [36] 
Inorganic phosphorus pollution (IPP) such as from wastewaters commonly be removed by several processes such 
as adsorption, filtration, chemical precipitation and biological P assimilation [37], [38]. The conventional wastewater 
treatment plant for biological IPP removal comprises of the anaerobic/aerobic/anoxic process. Anaerobic conditions 
are provided for P uptake by organisms and nitrification, thus, the aerobic and anoxic zones provided denitrification 
and P release, respectively. At last phase, the IPP is removed from the treated wastewater with waste sludge [39]. 
However, the main disadvantage of anaerobic/aerobic/anoxic process is that the treatment system becomes 
unreliable to simultaneously maximise the organics and nutrient removal, since nitrifying autotrophic bacteria, 
heterotrophic bacteria and P-accumulating organisms compete each other for the maintenance and growth under 
the same operational conditions [40]. Biological phosphorus removal typically requires a ratio of C:N:P of 100:5:1 
for aerobic conditions and of 250:5:1 for anaerobic conditions [39], [41]. Thus, it is difficult to maintain such an ideal 
ratio in the biological treatment system due to high concentration of IPP present in a raw wastewater [42].  
The physical-chemical process is involved in chemical precipitation where a divalent or trivalent metal salt added to 
wastewater causes precipitation in form of insoluble metal-hydroxyl-phosphate (MHP) [43] that is settled out by 
sedimentation. Metal salts used in chemical precipitation process included calcium, aluminium and iron with 
common coagulants being alum and ferric chloride.  These metal salts are used to react with PO4
3-
 from 
wastewater in the coagulation step of wastewater treatment. In the flocculation process, these metal salts 
accumulated with each other to form an aggregate that will settle out of wastewater, and the MHP can also form 
floes with other suspended constituents of wastewater [39]. Chemical precipitation can remove up to 90% of IPP 
from influent of wastewater treatment plant [44]. However, this approach is not usually favoured because of the 
high chemical costs and the creation of an additional chemical causes an increase of sludge volume by up to 40% 
[45]. 
 
5. Controlling Nitrogen and Phosphorus Via Adsorption Method 
 
Adsorption is the accumulation of a substance in solution with a suitable interface. The solute that accumulates or 
adsorbs at the interface is called an adsorbate; the solid that is adsorbedly the solute is called the adsorbent (Fig. 
6). The adsorbate is said to be adsorbed onto the adsorbent when it is attached at the active sites of the adsorbent 
surface, and it is said to be desorbed when it is released from the adsorbent into solution. The most commonly 
used materials of adsorbents are organic carbons, natural materials, agricultural waste, industrial by-product or 
waste, bioadsorbents, and synthetic polymers [46], [47]. Meanwhile, [50] defined adsorption as a process that 
consists of five types of bonding between adsorbate and adsorbent. First, adsorption can be due to the fact of van-
der-Waals bonds in a spectrum of hydrophobic–hydrophilic interactions. Second, ions might adsorb on fixed ion-
exchange sites of opposite charge. Third, adsorption was tendency to involve the formation of strong covalent 
bonds between adsorbate and active sites on the surface of adsorbent. Fourth, in some cases, adsorption depends 
on adsorbate shape. Fifth, some adsorptions depend on rates of uptake, rather than only on the equilibrium amount 
adsorbed. 
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Figure 6: Transportation of adsorbate onto adsorbent 
The nature of the bonding involved in the adsorption process is addressed by the somewhat antiquated terms 
physisorption and chemisorption (Fig. 7). The physisorption is adsorption in which the van-der-Waals forces are 
involved in attaching to the adsorbate in weak chemical interactions. Chemisorption involves a more specific binding 
of the absorbate onto the adsorbent [48]. The features of physisorption and chemisorptions as explained in Table 6. 
Table 5: Effluent Differences between physisorption and chemisorptions [48], [49] 
Physisorption Chemisorption 
It has a relatively low affinity of adsorbate-adsorbent. It depends on the reactivity of adsorbent to adsorbate at 
active sites. 
Multilayer adsorption occurs. Only monolayer adsorption occurs. 
It may be a reversible process and leads to the adsorbate molecule 
maintained its original identity when desorption occurs.  
It may not be a reversible process and leads to radical 
changing in the electron configuration.  
Typical physisorption values of heat adsorption range from 1 to 2 kcal 
mol
-1
 
Typical chemisorptions values of heat adsorption range 
from 10 to 100 kcal mol
-1
 
It has no activation energy and could take place at certain rate of any 
temperature. 
It needs certain activation energy particularly for high 
chemisorption rate. 
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Figure 7: Diagrams of physisorption, chemisorption and chemical reaction [48]. 
The adsorption phenomena based on three different mechanisms: steric, equilibrium and kinetic [50]. Steric 
mechanism is the phenomenon occurred when molecular size of adsorbate is smaller than pore of adsorbent; the 
adsorbate is able to penetrate into the pore when the larger size adsorbate molecule could not penetrate. 
Equilibrium mechanism is the phenomenon related to the capacity of adsorption by which the adsorbate that has 
high of mass transfer rate is preferable to adsorb onto the adsorbent. 
 Kinetic mechanism is the phenomenon occurred differentiated with the rates of mass transfer from the bulk liquid 
to site actives within the pore. The mechanisms of adsorption consist of three successive steps in the transfer of 
solutes onto adsorbents in liquid (Fig. 8), such that: (1) film mass transfer (referred also as external mass transfer) 
is the mechanism to transport an adsorbate from the bulk liquid tofilm zone exterior the grain immediately 
connecting the pores, (2) porous diffusion (referred also as internal mass transfer) is mechanism to diffuse an 
adsorbate from the film zone towards acceptor sites of the adsorbent, and (3) fixation (referred also as adsorption) 
is mechanism to attach the adsorbate onto acceptor sites of the adsorbent interior the grain [51]. 
 
 
Figure 8: Schematic of mass transfer from the bulk water to acceptor sites at the surface of adsorbent [51]. 
 
5.1  Adsorption of Nitrogen and Phosphorus Onto Activated Carbon 
 
Activated carbon (AC) is a material that has a porosity characterized by empty space within pore. Activation of AC 
increases the porosity and active sites on its surface to increase the adsorption capacity. AC can be commonly 
categorized into three types of finished product i.e., granular activated carbon (GAC), powdered activated carbon 
(PAC) and activated carbon fiber (ACF). The particle sizes are normally greater than 0.1 mm for GAC and less 
than 0.063 mm for PAC. The use of certain type of AC could be useful for the remove of dissolved organic matters 
[52], [53], oil and grease [54], inorganic matters [55], [56], dyes [57], [58] and metals [59], [60] from aqueous 
solutions. The removal of TP and TN from surface water has been investigated using the nylon net bags 
containing charcoal [61] to show that carbonization of charcoal at 1050 
o
C can have a surface area of 224 m
2
 g
-1
 
and a pore volume of 0.12 mL g
-1 
of N2. The efficiency of charcoal might range from 20 to 40% for the removal of 
TN and 20 to 90% for the removal of TP. A high efficiency for the removal of TP could be due to the accumulation 
of phosphorous on the sediment particles that trapped by the nylon net bags. The adsorption of NH4
+ 
from 
leachate by the AC made up of coconut shells (CSAC) as reported by [61] can achieve approximately 6.08 mg g
-1
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of the adsorption capacity. The adsorption capacity of 2.3 mg g
-1
 to remove NH4
+ 
from aqueous solution was 
verified by [12] in a batch experiment; therefore, physisorption could be more dominant in the study. The AC 
derived from sugarcane bagasse after treated by physical activation at 900
o
C and chemical activation with 
aluminum chloride was examined for its potential to be used for the removal of PO4
3-
 from aqueous solutions to 
show the increased adsorption capacity from 0.06 to 1.11 mg g
-1
 as the initial concentration of PO4
3-
 increases 
from 1 to 30 mg L
-1 
[62]. The use of coir pitch activated carbon for the removal of PO4
3-
 from aqueous solution was 
reported by [63] that the maximum removal percentage of PO4
3-
 in the pH range of 6 to 10. 
Researchers have been focusing their investigations on physical or chemical properties of AC in order to improve 
the adsorption capacity [64]–[68]. Surface modification of Coconut Shell Activated Carbon (CSAC) with five 
different acids i.e., nitric, sulphuric, phosphoric, acetic and hydrochloric acids was investigated to improve the 
performance of NH4
+ 
removal from a synthetic solution [69], the result’s findings that the ability of removing NH4
+ 
by such modified CSACs could be in the following order: nitric > sulphuric > acetic ≈ phosphoric > hydrochloric. 
The use of bamboo charcoal modified with nitric acid was useful to remove the low concentration of NH4
+
 at low 
temperature of water, effectively [70]. [71] found that the coal activated carbon modified by nitric acid can 
significantly enhance the NH4
+
 removal from aqueous solutions. Chemically modified GAC has been made by 
soaking GAC in 10% nitric acid and then mixing with 0.25 mol L
-1
 Fe(III) solution to remove PO4
3-
 removal from 
aqueous solutions; thus, the modified GAC with adsorption capacity of 98.39 mg g
-1
 should be more effective than 
the unmodified GAC with that of 78.9 mg g
-1
[72]. AC modified by incipient wetness impregnation with aqueous 
solutions of iron, chromium and cobalt, followed by calcinations at a temperature of 300
o
C might increase 2-10 
times of the performance in removing NH4
+
 from aqueous solutions; the AC impregnated with iron is better than 
that impregnated with either cobalt or chromium [73]. The adsorption of PO4
3- 
onto a mixture of GAC and 
limestone from domestic wastewater was performed with a concentration range of 9 - 25 mg L
-1
 of PO4
3-
; the 
optimum removal of PO4
3-
 with 93% efficiency and that of NH4
+
 with 58% efficiency of using the mixture ratio of 
limestone/GAC of 25/15 has been verified [74]. A mixture adsorbent of 45.94% zeolite, 15.31% limestone, 4.38% 
activated carbon and 4.38% rice husk carbon was used to adsorb NH4
+
 from a landfill leachate and verified that a 
high adsorption capacity can achieve approximately 24.39 mg g
-1 
of the adsorbent [75].   
5.2 Adsorption of Nitrogen and Phosphorus Onto Zeolite And Laterite 
 
Zeolites are inorganic subclass of molecular sieve of crystalline aluminosilicates with specific pore sizes located 
within small crystals (Fig. 9). Their structures consist of a three dimensional framework, having a negatively 
charged lattice. The negative charge is balanced by cations which are exchangeable with certain cations in 
solutions [46]. The classes of zeolite could be distinguished according to molar ratio (n) of SiO2/Al2O3 i.e. types A 
(n = 1.5 - 2.5), X (n = 2.5 - 3.0), and Y (n = 3.0 - 6.0). Zeolites are suitable for ion exchange processes neither 
than for adsorption of neutral organic substances [76]. Most researchers have used the natural or modified 
zeolites to remove variety of pollutants from aqueous solutions [64], [77].  
 
 
Figure 9: Schematic of zeolite structure [78] 
The potential of NH4
+
 and PO4
3-
 removal by natural zeolite has been  investigated  by [79], performing firstly to 
adsorb NH4
+
 onto the zeolite from synthetic solution and then the NH4
+
- loaded zeolite used as seed for the 
precipitation of PO4
3
. The loading of PO4
3-
 on the seed surface was confirmed by an increase in the particle size of 
zeolite. The effect of pH on the performance of NH4
+
 removal from greywater has been studied using Australian 
natural zeolite to show that a removal efficiency of 95% can be achieved with the pH range of 2 – 5 [22].  The use 
of impregnated Australian zeolite with sodium can remove NH4
+
 from wastewater with an efficiency of 
approximately 93% [80]. Several natural Chinese zeolites have been proposed to study the adsorption of NH4
+
 
from leachate, synthetic solution,  drinking water  and wastewater  of using either batch or hydrodynamic column 
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[81]–[85]. A highest NH4
+
 removal capacity can be achieved with a longest hydraulic retention time at a flow 
velocity of 6 bed volume per hour [86]. The use of Turkish natural zeolite can be used to remove NH4
+
 from 
municipal wastewater in a small packed-bed column to be run at a flowrate of 0.5 ml min
-1
 and pH 4, resulted in 
1.08 mg g
-1
 of the adsorption capacity [87]; and it can be used also to remove NH4
+
 from a synthetic solution in 
batch reactor, shaking during 30 min at a pH of 8, resulted in the adsorption capacity of 9.64 mg g
-1 
[88]. Even if 
the use of zeolites has been widely used to adsorb many different ions [89], [90], very few studies were conducted 
to remove of PO4
3-
 from waters [91], [92]; however, the adsorption capacities obtained are relatively low due to the 
presence of negative charges on the surface of zeolite would be difficult to adsorb PO4
3-
 from waters. The use of 
zeolite can remove PO4
3-
 from synthetic solution to having an efficiency of approximately 19% when feeding with 
an initial concentration of 5 mg L
-1 
[93]
. 
Several surface modifications of zeolite, such as nano-Fe particles-
modified zeolite, surfactant-modified zeolite, TiO2-modified zeolite and zirconium-modified zeolite, have been 
successfully used to remove PO4
3-
 from aqueous solutions with remarkably enhanced the adsorption capacity [64], 
[94]–[96] 
 
Laterite easily be found anywhere on Earth’s surface and is the low-cost natural materials for adsorbing certain 
trace element pollutants. It is a rusty red material mainly found in Southeast and South Asia, South America, and 
Central Africa. Generally, the rusty-red appearance of laterite is predominantly derived from oxides of iron and 
aluminium [97], [98]. It is formed by intensively high temperature and abundant rainfall in the tropical area with 
warm and humid weathering of all year round. The classification of laterite deposits can be described as a basis of 
the main mineral that is considered dominant in chemical compositions i.e. (1) Iron ore (Ferrufinous laterite), (2) 
Bauxite (Aluminous laterite), (3) Nikel ore (Nickeliferous laterite), (4) Manganese ore (manganiferous laterite) and 
(5) Chrome ore (chromiferous laterite). To further justify, iron ore is when Fe2O3/Al2O3 ratio of laterite is more than 
one and SiO2/Fe2O3 ratio is less than 1.33. On the other hand, bauxite is when Fe2O3/Al2O3 ratio is less than one 
and SiO2/Al2 O3 ratio is less than 1.33 [99].  
 
The use of the laterite as adsorbent has been proven to be efficient to adsorb arsenic and fluoride from waters 
[98], [100]. Such an adsorbent rich in iron oxide has been proposed to remove PO4
3-
 from aqueous solution [101]. 
The adsorption capacity of raw laterite and activated laterite with their particle sizes of less than 0.4 mm were high 
as 0.90 mg g
-1
 and 1.86 mg g
-1
, respectively [102]. Another study by [103] reported that ferric-modified laterite has 
the potential to remove PO4
3- 
37.47% higher than raw laterite. The use of laterite packed-bed column with its 
adsorption capacity of 359 mg kg
-1 
is better than that of fine sand packed-bed column with its adsorption capacity 
of 122 mg kg
-1
 for the removal of PO4
3-
 from synthetic wastewater [104]. The laterite soil-based constructed filter 
has been proved to be effective for the removal of COD, BOD, NH4
+
, NO2
-
 and SS from a municipal wastewater 
[105]. The laterite soil used as the medium bed constructed wetland can remove over 99% and 96% of PO4
3-
 in 
the laboratory and pilot scales, respectively [106]. 
 
6. Conclusions  
Control of excessive amounts of nutrient from wastewater is essential to avoid serious environmental problems of 
the receiving watercourse. It is required the cooperative exertions of government, authorities, researchers and 
people to reduce concentration of nutrient in wastewater. The use of activated carbon and natural materials for 
removing NH4
+ 
and PO4
3-
 from wastewater presents promising results in the lab scale experiments. However, more 
efforts aimed at the application of adsorption process in industrial scale are required. An extended study is 
suggested to utilize saturated adsorbent for further application. For example, the saturated adsorbent will be 
recommended used for agricultural lands amendment because of high inorganic nutrient content proposed 
envisaged as potential fertilizer. This recommendation promotes the cradle-to-cradle schemes concept of using 
nutrient contained in wastewater that helps manage the sustainability environmental development. It is the 
integrated development and management approach will be promoting the best solution for the years to come. 
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